ABSTRACT -Context -Adalimumab is a fully-human antibody that inhibits TNF alpha, with a significant efficacy for long-term maintenance of remission. Studies with this agent in Latin American Crohn's disease patients are scarce. Objectives -The objective of this study was to outline clinical remission rates after 12 months of adalimumab therapy for Crohn's disease patients. MethodsRetrospective, single-center, observational study of a Brazilian case series of Crohn's disease patients under adalimumab therapy.
INTRODUCTION
Crohn's disease (CD) is an inflammatory, immune-mediated, incurable, chronic disease that requires medical and, occasionally, surgical treatment so as to remain under control (19, 25) . It is caused by type 1 and 17 T-helper (Th1/Th17) alterations and an immune response pattern that includes increased production of interleukin 12, the tumor necrosis factor alpha (TNF-α) and gamma interferon. TNF-α is a pro-inflammatory cytokine, and it plays a critical role in the disease's physiopathology (17, 20) . The incidence and prevalence of CD in Canada are among the highest in the world, and it is estimated that their respective rates are 13.4 and 233.7 cases in every 100,000 individuals a year (19) . Epidemiological data regarding Latin American patients are scarce. An estimation of CD prevalence in the state of São Paulo, Brazil, resulted in 5.65 cases in 100,000 inhabitants (26) . Due to reduced efficacy and significant adverse
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American single-center observational study effects of conventional drugs, new target therapy methods have been developed. Initially, infliximab (IFX) and, more recently, adalimumab (ADA) and certolizumab pegol, constitute what is referred to as biological therapy for CD management. These are TNF-α inhibitors that have significant efficacy in controlling the symptoms and the evolution of the disease (4, 9, 22) . ADA was the second biological agent approved worldwide for the treatment of CD, and the experience with its use had increased over the years. Brazilian data concerning its use in CD management are scarce (13) . It is a recombinant monoclonal human antibody of immunoglobulin G1 that is subcutaneously administered with high affinity and specificity to TNF-α (5) . The clinical efficacy and safety of ADA in CD have been demonstrated in various clinical multi-center, randomized, double-blind, placebo-controlled trials, with distinction to CLASSIC I and II, CHARM and GAIN (5, 10, 20, 21) , as well as in real life case series (24) . The scarcity of Latin American investigations evaluating the efficacy and safety of ADA in CD was one of the reasons for designing and developing this study. Therefore, the primary objective was to analyze clinical remission rates after 12 months of ADA therapy in a cohort of patients from a single reference center for inflammatory bowel diseases (IBD) management. Secondary objectives were to analyze remission rates after 1, 4 and 6 months of therapy, in addition to the patients' demographic profile, adverse events (AE), therapy discontinuation rates and the reasons for its occurence. Remission rates in relation to previous IFX use were also studied.
METHOD
This study was approved by the Research Ethics Committee of the Catholic University of Paraná (PUC-PR), with reference report number 108.623/12.
It was a longitudinal, analytical, observational and retrospective study on a case series of consecutive patients with CD diagnosis that used ADA as one of their forms of therapy. All the patients were managed and treated by the same unit's team from January 2008 to September 2012, and they comprised the only group of patients analyzed (no control group was defined).
The inclusion criteria for the study were: patients with CD aged 13 to 80 years that underwent ADA therapy in any phase of treatment for at least 2 months (completed induction regimen and 1 month of maintenance). The choice for age with a lower limit of 13 years is equivalent to that defined as the beginning of adolescence. All the patients included underwent the remission induction dose with 160 mg of ADA in week 0 and 80 mg in week 2, followed by 40 mg every 2 weeks for maintenance therapy. The exclusion criteria for this study were: patients with ulcerative colitis (UC) or indeterminate inflammatory bowel disease (IIBD) who were treated with ADA, patients with intestinal stomas (due to the difficulty of Harvey-Bradshaw Index [HBI] analysis), patients under 13 and over 80 years and those with less than 2 months of therapy or with a different dose regimen for induction of remission.
The variables analyzed were: gender, age at CD diagnosis, age at ADA therapy initiation, period of follow-up, disease duration at the beginning of biological therapy and form of disease presentation according to the Montreal Classification, in addition to the presence of perianal CD. The concomitant use of other drugs, such as corticosteroids (CS) and azathioprine (AZA), and smoking status, were also evaluated. The main variable studied was the occurrence of clinical remission 12 months after ADA therapy. Remission rates were also analyzed after 1, 4 and 6 months. Other variables analyzed were the presence of AE, therapy discontinuation and the reasons for its occurrence.
Clinical data were collected by means of electronic chart review. In case of lacking data on the charts, telephone calls were made to patients whenever needed to complement the information.
Efficacy analysis was evaluated by HBI, and clinical remission was defined as an HBI≤4 (11) . In patients with fistulizing perianal CD, remission was also defined by HBI≤4. However, response was also defined as absence of drainage after therapy, without formation of perianal abscess during follow-up.
The non-responder-imputation (NRI) and last-observation-carried-forward (LOCF) methods were used for clinical remission analysis. In the NRI method, patients with a shorter follow-up time were considered to be without remission in the later periods of analysis. On the other hand, in the LOCF evaluation, the lastly evaluated information was carried forward, and it served as a value for the subsequent periods. These methods were used due to the fact that some patients had a follow-up period that was shorter than 12 months. AE were observed from the first ADA dose until each patient's last recorded visit during the use of the medication.
Data were analyzed by simple description using frequency tables, in addition to confidence intervals (CI). In order to evaluate clinical remission rates in relation to previous IFX exposure, Fisher's exact test and the chi-square test were used, and P values <0.05 indicated statistical significance. For each of the evaluation points (1, 4, 6 and 12 months), the null hypothesis that remission probability was similar for patients with previous IFX administration and patients naïve to anti-TNF agents, versus the alternative hypothesis of different probabilities was tested. An inverted Kaplan-Meier plot with multivariate and Cox regression analysis were also used for the evaluation of remission of all patients, according to their previous IFX status. Data were analyzed by using the Statistica v.8.0 software package.
RESULTS
In the study period, from January 2008 to September 2012, 57 patients were treated with ADA. Of these, 4 were excluded for not completing the minimum 2-month follow-up period (they just had their first ADA administration of 160 mg at the evaluation for the study), and 3 were excluded due to the presence of ileostomies, which would hinder analysis of the HBI score. Therefore, for general analysis, 50 patients were studied. After induction, ADA therapy proceeded with 40 mg every two weeks; nevertheless, not all patients completed 12 months of therapy. Forty-five patients achieved 4 months of ADA treatment; 41 were treated for up to 6 months, and 32 patients completed the 12 months of treatment. From the 18 patients that did not have a follow-up for 12 months, all of them started ADA therapy more recently. None of them were lost of follow-up.
According to the Montreal classification, regarding the age at diagnosis, the most prevalent group was A2 (17 -40 years) with 34 (68%) patients. Regarding the disease location, 29 (58%) patients presented with L3 (ileocolic CD). Concerning disease behavior, group B3 (penetrating CD) predominated, with 38 (76%) patients. CD perianal involvement was observed in 39 (78%) cases. All patients that had concomitant immunomodulators used azathioprine. No patients previously had 6-mercaptopurine or methotrexate therapy. Regarding the indication for ADA therapy, 39 (78%) of the patients used the medication for perianal fistulizing CD, and the other 11 (22%) for failure to medical therapy and dependency on steroids.
The baseline characteristics of all analyzed patients, according to their previous status of IFX exposure, are described in Table 1 .
In relation to the remission rates, in LOCF analysis, after 1 month of ADA therapy, it was observed in 39 of the 50 patients in the study, representing 78% of the cases (CI 95%: 0.665-0.895). Four months after the beginning of therapy, 40 (80%) patients were in clinical remission, and after 6 months, 41 (82%) patients (CI 95% 0.689-0.911 and 0.714-0.926, respectively). After 12 months from the beginning of ADA therapy, 44 patients (88%) were in clinical remission (CI 95% 0.790 -0.970). By taking into account the NRI evaluation, clinical remission rates were slightly different. One month after ADA initiation, the rate was the same as that found in the previous evaluation (78%). Four months after therapy initiation, 35 of the 50 patients were in clinical remission, which represented 70% of the patients (CI 95% 0.573-0.827). At 6 months of therapy, that number decreased to 32 (64%) patients, (CI 95% 0.507-0.773), and at 12 months, the remission rate in the group decreased to 27 patients, corresponding to 54% of the cases (CI 95% 0.402-0.678). These data are demonstrated in Figure 1 .
According to the previous IFX-exposure status, the results were obtained following analysis by the NRI and LOCF methods. From the 13 patients with previous IFX therapy, 9 started ADA after secondary loss of response to IFX, and 4 because of severe infusion reactions. It was observed that there was a statistically significant difference only in the period of 12 months after the beginning of ADA therapy, when evaluated by the LOCF method. The results obtained on the patients with fistulizing CD demonstrated that 20 of them (52,6%) had abscence of perianal drainage during follow-up (defined as response), and 18 of these patients still had perianal drainage at last visit. No patients with abdominal fistulizing CD were observed in this case series.
AE occurred in 8 of the 50 (16%) patients. The total number of AE was 15, and 2 patients had 2 AE each; 1 patient had 3 EA, and 1 patient had 4 described events. The most common AE found in this series was topical allergic reaction (five cases), and headache was described on two occasions. Only one severe AE was found (herpes zoster infection). Eye oedema, hand oedema, arthralgia, severe cold, low fever, nausea and alopecia occurred in one patient each.
ADA therapy discontinuation occurred in 12 (24%) patients, and the AE (herpes zoster infection) was the cause for that in only one case. In another patient, loss of response to the medication occurred, and the therapy was interrupted by complications (need for abdominal surgery due to CD progression). In three patients, ADA was discontinued as the patient's option (travelling abroad), even without medical advice, and seven patients discontinued the treatment because they lost access to the drug's provision by the public health care system. The single patient that presented with secondary loss of response to ADA was a patient who already had loss of response to IFX. This patient, who was using steroids at the beginning of the study, was treated again with oral steroids, as optimization of ADA to 40 mg weekly was not reimbursed in our country. The remaining 20 patients that were on steroids at ADA initiation did not need steroids as a rescue therapy up to their last visit in this study.
Surgical treatment occurred in 23 (46%) of patients during ADA therapy. In some patients, more than one procedure was needed. The majority of the procedures performed were examinations under anesthesia with seton placement (15/23 patients). Regarding abdominal operations for CD, five patients were submitted to ileocecal resections, one with associated small bowel resection and three developed perianal abscesses that needed drainage. From the five patients submitted to abdominal resections for CD, two developed surgical site simple infections. No major surgical complications or infections, as pneumonia or from the urinary tract, occurred in these cases.
DISCUSSION
CD is a chronic inflammatory disease that presents periods of clinical remission between periods of recurrent inflammatory activity. CD medical management has been the object of various discussions in the last few years, and it is currently established, both in a national consensus published by GEDIIB (Brazilian study group for IBD) and in other worldwide gudelines (2) . ADA therapy is addressed in these guidelines, considering that its approval for CD management occured in 2007. Since then, the experience with this drug had increased worldwide, and studies from several countries have been published and shown its efficacy and safety profile. This is one of the first studies to be performed on Latin American patients with ADA in CD. The only Brazilian study that evaluated ADA in CD was published in 2011. It was a retrospective multi-center study on efficacy evaluation after a 4-week therapy in 54 patients. After the induction regimen, 26 (48.14%) patients were in clinical remission; 26 (48.14%) patients demonstrated partial response and only 2 (3.72%) were primary non-responders (13) . This previous study did not use any objective index to check remission rates, as the HBI or the CDAI, only based the results in the physician global accessment (PGA).
The mean CD duration at the beginning of ADA treatment, regardless of previous IFX use, was 73.6 months. This period is a little shorter when compared to that in the results recently published in the CARE trial, which was 7.8 years (93.6 months) (16) . The shorter disease duration at therapy initiation may be explained by the fact that the present study was developed with patients treated by colorectal surgeons, physicians with more referrals of patients with extensive intestinal ulcerations and fistulas, who had undergone multiple operations or with perianal fistulizing CD, which characterizes a more aggressive phenotype of the disease. Additionally, the top-down (descending) strategy was used in some cases, which preconizes that the early use of biologicals can be beneficial in selected cases. The staff from our unit occasionally approaches patients by the top-down strategy, based on the study published by D' Haens et al. in 2008, which compared the two strategies and demonstrated some promising results with the early use of biological therapy (6) . Among the patients that were treated with this therapy strategy are those with previous abdominal surgery, who represented 48% of the total sample, what can explain the proportion of early use of biological therapy commencement in the present study.
Smoking is a known factor that leads to a worse prognosis for CD (3) , and it was found in only 3 of the 50 (6%) patients in the present study. This percentage is smaller than those in the literature, which range from 14% to 37% of the patients (5, 12, 24) . Such finding can be justified by a current tendency of the Brazilian culture to reduce smoking by means of population-awareness development campaigns, in addition to the broad dissemination in non-medical websites that show the clear association of smoking with a worse prognosis for CD patients.
Corticosteroids (CS) are efficient in inducing remission in 60% to 93% of CD patients (15, 18) . However, its toxicity and low capacity to maintain remission are still reasons for concern (23) . The early need for steroids to control symptoms may be a negative prognostic marker for CD outcomes (1, 8) . In the present study, the concomitant use of CS at the beginning of ADA therapy was observed in 42% of the sample. This information follows the tendency of other published studies, which range from 42% to 55% of patients (5, 13, 24) . The biological therapy combined with AZA was observed in 84% of the patients included in the present study. This information agrees with that in the only national study on the subject, published in 2011, in which Kotze et al., in a multi-center study, described that 88.9% of patients undergoing induction to clinical remission with ADA in CD concomitantly were treated with AZA (13) . In other international studies, combination therapy with two drugs is observed in approximately 42% to 44% of cases (5, 24) . In 2010, the SONIC trial demonstrated superiority of the IFX therapy combined with AZA in relation to the patients that were under either IFX or AZA as monotherapies (4) . Furthermore, that study did not show higher infection rates in the group using combined therapy. Since its publication, most of the reference centers for IBD management have preferably used the combination strategy. Although there are no controlled studies with ADA that compared combination versus monotherapy, the combination strategy may be transposed to ADA, similarly to the way in which IFX is combined with immunomodulators, by questioning a class effect among TNF-α inhibitors. This is probably the explanation for the large number of patients undergoing combined therapy in the present study. Moreover, before the SONIC study, all subanalysis from IFX trials also did not demonstrate better efficacy in combination therapy with immunomodulators (9) . Until a prospective trial is published, with a design similar to SONIC's, including ADA patients, the controversy regarding combination therapy with ADA will still persist.
Ileocolic involvement (L3), occurred in 58% of the patients in the present study. This data was similar to that in the study by the Mayo Clinic, which was 64%. Penetrating CD (B3) and perianal involvement occurred in 76% and 78% of the patients, respectively, in the present study. These rates are higher than those observed in the American study in which 21% of the patients had active fistulae, whether perianal, rectovaginal or enterocutaneous. Additionally, perianal involvement in this study was only 32% (24) . Since our study was carried out in a surgical unit, this can explain the high rates found for penetrating disease and perianal involvement. Many patients were referred from other units by clinical gastroenterologists, particularly for the management of fistulizing perianal CD.
The clinical remission rates in the present study with 1 and 12 months, by taking into account the NRI analysis, were 78% and 54%, respectively. These rates are higher than those in randomized, double-blind placebo-controlled studies. Within 4 weeks, the remission rates in the CLASSIC I and GAIN trials for ADA-treated patients at a dose of 160/80 mg were 36% and 21%, respectively (10, 21) . In the CHARM trial, which lasted 1 year, remission occurred in 36% of the sample (5) . The major requirements of a randomized and controlled study clearly contributed to this difference, since there is a tendency to lower figures in pivotal studies due to more strict analysis.
On the other hand, when comparing the findings in the present study with ADA efficacy in open-labeled studies, the numbers were similar. In the CARE trial, which included naïve patients and those previously treated with IFX, the general clinical remission rate with approximately 5 months was 52% (CI 95% 0.49 -0.55) (16) . These figures from open-labeled studies and from patient cohorts were similar to those found in the present study.
In the present study, previous IFX use did not influence clinical remission rates with ADA in the analyzed periods of 1, 4 and 6 months, regardless of the method of analysis. The only statistically significant difference was found in the analysis after 12 months, when analyzed by LOCF method. In this situation, the remission rate observed in patients previously treated with IFX was lower than in those without previous treatment (69.23% versus 94.59%, respectively, P = 0.033). On the other hand, multivariate Cox regression analysis, considering remission during all periods of the study continuously, did not demonstrate significant difference between the groups (P = 0.148). The higher clinical remission rates in anti-TNF naïve patients also occurred in the CARE trial (62% versus 42%, P<0.001) (16) . Data from the GAIN trial demonstrated that patients previously treated with IFX had lower remission rates than did IFX-naïve individuals from the CLASSIC I trial (21) . The high rates of clinical remission found in the present data can be explained by the already known limitations of a retrospective study. The HBI used to evaluate clinical remission is based on subjective information, and the absolute value may suffer variations. The number of episodes of diarrhea greatly influences the final HBI score, which may cause patients that have active disease to show an important reduction in that index after the decrease in the number of liquid stools per day. That would give the false impression that the patient had achieved clinical remission. Moreover, patients with fistulizing perianal CD, can have a low HBI index even with persistence of drainage. HBI was used as a marker to evaluate clinical remission in the present study due to its simple and practical measurement. Due to the difficulty in measuring diarrhea and HBI calculation, three patients with ileostomies were excluded from the study. Another contribution to the high clinical remission rates is the fact that this study is the result of a real life cohort in which the methodology requirements for patient inclusion and for data collection are not strict as in prospective pivotal trials.
The NRI and LOCF methods were selected as forms of analysis due to the loss of patients in some evaluation periods in the study, especifically 12 months after ADA introduction. It is considered that the NRI method demonstrates more reliable results due to its greater requirements (a more conservative analysis).
During the 12-month period after ADA introduction in the present study, 15 AE were observed in a total of 8 (16%) patients. The small percentage of patients who developed AE can be explained by the limitation of the retrospective methodology, since such events may not be recorded on patients' charts, and the spontaneous resolution of simpler events my occur without the patients reporting them to the physicians at some consultations. The short follow-up period can be also pointed as a reason for the low AE rates in this series.
The most common AE was allergic reaction on the injection site in 10% of the patients (5/50), as shown in most of the studies with ADA. The only severe AE leading to ADA treatment discontinuation was the onset of a herpes zoster infection in a single patient. No cases of malignancy or deaths were observed. The low severe AE rate was probably favored by the patients' detailed evaluation routine prior to biological therapy initiation.
Short-term safety analysis in the CLASSIC I and GAIN trials demonstrated similar AE rates. The most frequent AE was allergic reaction on the injection site with higher incidence in patients using the 160/80 mg dose (36%) as compared to 16% in the placebo group, whereas on the injection site in the second study, the frequency of reaction was similar in the two groups (10% versus 11%). The occurrence of severe AE was rare and similar in the actively treated group and in the placebo group (10, 21) . By comparing the results obtained in the present study to those in randomized studies, it is noted that mild AE rates were lower than those reported in the literature and that severe infections, malignancy and deaths are rare events with ADA treatment in CD.
This study had clear limitations, particularly due to the fact that it was a retrospective study with a small sample. Moreover, patients with previous IFX exposure had higher incidence of perianal CD and a longer follow-up period. Another limitation is that it was performed at a reference center for colorectal surgery, therefore, with higher prevalence of fistulizing CD among the analyzed cases. Additionally, many patients (18) did not complete the 12 months period needed for a full evaluation. In these cases, the use of the NRI and LOCF methods, as well as the inverted Kaplan-Meier plot, may have contributed to the estimated results.
In summary, ADA therapy resulted in significant rates of CD clinical remission, reaching 54% of the patients after 12 months of therapy according to the NRI analysis and 88% according to the LOCF analysis. Clinical remission rates after 1, 4, and 6 months of therapy with the drug showed significant ADA efficacy regardless of the analysis used, and these data were similar to the literature. The mean disease duration at therapy initiation was 73.6 months, and most patients used ADA in combination to azathioprine. AE were observed in only 16% of the patients, and only one event was considered to be severe. The main cause for ADA discontinuation was the loss of access to the drug in the public health care system. The remission rates observed in patients with prior IFX therapy were lower than in those without previous exposure before ADA initiation.
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